Desmutagens are defined as agents inactivating mutagens through direct reactions. 2) Wewere first able to show that many kinds of vegetables possess desmutagenic activities on pyrolysate mutagens derived from heated proteinous food or amino acids.1?2) In the cases of cabbage and broccoli, peroxidases were identified and purified as the desmutagenic factors working enzymatically on Trp-P-1 and Trp-P-2.3'4) Another group of chemicals such as ascorbic acid and sodium sulfite work as desmutagens through direct reaction with the mutagens.6'10) We have previously reported that Burdock (Arctium lappa Linne) has a desmutagenicfactor whose molecular weight exceeds 300,000.5) This desmutagenic factor could suppress the mutagenicity of not only indirect mutagens requiring metabolic activation but also those that don't. The present investigation wascarried out to elucidate the chemical nature and possible structure of the Burdock desmutagen.
MATERIALS AND METHODS
Chemicals. 2-nitro-1,4-diamino benzene (2-NO2-l,4-DAB), 2-amino-4-nitro phenol (2-NH2-4-NO2-P),' 2-amino-5-nitro phenol (2-NH2-5-NO2-P), 1,2-diamino benzene (1,2-DAB), 1,4-diamino benzene (1, and 2,4-diamino anisole sulfate (2,4-DAA) were purchased from Wako Chemical Co.
Lignin sulfonic acid (SE-HP) and lignin sulfonic acid (VN-MWS), to which the carboxyl groups were chemically introduced, were generously donated by Sanyo-Kokusaku Pulp Co., Ltd. Trp-P-1 (3-amino-l ,4-dimethyl-5H-pyrido [4,3- were kindly given by Drs. M. Nagao and T. Sugimura.
AF-2 (2-(2-furyl)-3-(5-nitro-furyl)acryl amide) was an authentic sample from the ministry of health and welfare.
Bacterial strains. Salmonella typhimurium strain TA98 originated from the stock of Prof. B. N. Ames.15)
Spectrophotometricmeasurement. Theabsorption spectrum was measured in a cuvette with a 1cmlight path using a Hitachi Model EPS-3T spectrophotometer.
Purification of the desmutagenic factor. Five thousand grams of the root of burdock were obtained from a market in the city of Odawara, washed with tap water and crushed by a juicer (Toshiba Co., Ltd.) to obtain 3,400ml of burdock juice. The resulting juice was centrifuged at 9,000xg for 30min to give 2,600ml of a clear brown supernatant.
The supernatant was mixed with a 1 mpotassium phosphate buffer (pH 6.8) in an amount 1/20 the volume of the supernatant. The mixture (1,500ml) was salted out with 80% saturated (NH4)2SO4. The salted-out mixture was centrifuged at 9,000 x g for 15min to give 90g of a precipitate. The precipitate (90g) was dissolved in a 50mMpotassium phosphate buffer (pH 6.8) potassium phosphate buffer (pH 6.8) was added to the concentrate to form 800ml of mixture. The mixture was again ultrafiltrated using the same filter already described. After ultra filtration, 200 ml of concentrate was obtained.
To a portion (130ml) of this concentrate, trichloroacetic acid was gradually added at room temperature with stirring, so that the final concentration reached 2%. The solution was stirred at room temperature for 10min, and then centrifuged at 9,000xg for 15min to give 4.5g of precipitate.
The precipitate was suspended in 130ml of water, and then dialyzed against water to give about 160ml of dialyzate.
This dialyzate was lyophilized at -54°C for 48 hr by means ofa lyophilizer (Model FDX-1-54, Central Science Co., Ltd.) to give 730mg of dry powder as the partially purified desmutagenic factor.
Assay of the desmutagenic factor. An assay of the desmutagenic factor was conducted according to the procedure described in a previous paper.5) Intrinsic viscosity of the desmutagenic factor. The desmutagenic factor was dissolved in a 1%aqueous slution ofNaOHto concentrations of 1, 0.8, 0.5 and 0.25mg/ml, respectively. Five hundred jA of each solution was used and its viscosity determined by measuring the falling time at 25 ± 0.1°C by means of a Cannon-Manning semimicro- Industry Co., Ltd.). As a control, the falling time ofa 1% aqueous solution of sodium hydroxide was measured.
Reduced viscosity {r\sJc) was determined by the viscosity values (falling time) which were measured at the respective concentrations of the desmutagenic factor. The relationship between reduced viscosity and concentration was determined by the least squares method, and the intrinsic viscosity of the desmutagenic factor was determined by extrapolation to zero concentration (c = 0). Elementary analysis of the desmutagenic factor and lignin sulfonic acid (VN-MWS)to which carboxyl groups had been chemically introduced was conducted at the medicine-manufacturing laboratory of the pharmaceutical department, University of Nagoya. The elemental analysis was conducted only on H, C and N, and the other elements were calculated based on the assumptionthat they were oxygenatoms. unit. The 13C resonance frequency was 25.05MHz and the contact time was 1.0ms. Typical parameters were a spectral width of 10kHz and 1,600 transients.
Potentiometrical titration iback-titration).
Twenty mg of the desmutagenic factor was dissolved in 20ml of 0.01 n NaOH(f= 1.000), and the solution was potentiometrically titrated using 0.01 n H2SO4 for volume analysis (f= 1.000).
Sugar content of the desmutagenicfactor. Ten mg of the lyophilized powder of the desmutagenic factor was dissolved with heating in 10ml of a 50mMpotassium phosphate buffer (pH 6.8).
The aqueous solution was tested by the phenol-sulfonic acid method to determine its sugar content.14)
Ninhydrin color reaction of the desmutagenicfactor. Two hundred^1 of 35% hydrochloric acid were added to 0.2 ml of a solution (1mg/ml) of lyophilized powder of the desmutagenic factor in a 50mM potassium phosphate buffer (pH 6.8), and the desmutagenic factor was hydrolysed at 110°C for 24hr. The solvent was removed under reduced pressure at 50°C to give a dried residue. Pyrolysate of the desmutagenic factor. Three mg of the desmutagenic factor were pyrolysed at 590°C by means of a Curine Point Pyrolyzer (Model JHP-2, Japan Analysis Industry Co., Ltd.), and the pyrolysate was analyzed by a gas chromatography and mass spectrometry combination system (JGC-20KP and JEOL-D300, JEOL, Ltd.). Reductive decomposition of the desmutagenicfactor. One gram of the desmutagenic factor and 4g of Raney nickel were dissolved in 100ml of a 4% aqueous solution of sodium hydroxide. The solution was treated in an autoclave at 100°C for 6 hr by introducing hydrogen gas under a pressure of 100 kg/cm2 to decompose the desmutagenic factor. After the reaction, the mixture was allowed to cool to room temperature and was then extracted with dichloromethane (for use in spectral analysis). The extract was analyzed by gas chromatography and mass spectrometry on the same instruments already described. The gas chromatography was carried out in a wall-coated tubular capillary column of 0.25mm diameter and 50m length. Silicon SE-30 was used as the stationary phase liquid, and the chromatography was conducted at a temperature elevating rate of 10°C/min, within the temperature range of 100 and 250°C. The mass spectra were obtained under the same conditions already described.
RESULTS
Desmutagenic effect of the desmutagenic factor from Burdock and lignin sulfonic acid Figure 1 shows the desmutagenic effect of the desmutagenic factor (the final fraction that was lyophilized) on the mutagenicity of 2-NO2-1,4-DAB. The mutagenicity was reduced in proportion to increasing amounts of the desmutagenic factor from Burdock. It is interesting that, lignin sulfonic acid (VN-MWS, Sanyo Kokusaku Pulp Co., Ltd.) worked similarly.
The possibility that the desmutagenic factor maypossess certain chemical residues similar to those contained in lignin will be discussed later.
Effect of the desmutagenic factor on various m u tagens
It is of interest to knowwhether the present factor could have a desmutagenic effect on various other mutagens. The results of the desmutagenic effect of the desmutagenic factor are given in Table I in comparison with those of the supernatant at 9,000 x g. In the case of the crude fraction that was obtained as a supernatant at 9,000xg, the mutagenicity of the mutagen was promoted in such compounds as 2-NH2-4-NO2-P and.2-NH2-5-NO2-P, which manifest mutagenicity without metabolic activation, but the desmutagenic factor effectively inhibited their mutagenicity.
Both the crude fractions and the desmutagenic factor inhibited the mutagenicity of 1,2-DAB, 1,4-DAB and 2,4»DAA, which each require metabolic activation. This desmutagenic factor not only showed desmutagenic activity on indirect mutagens requiring metabolic activation, but also on direct mutagens, and exhibited a wide desmutagenic spectrum which has not been found in previous experiments with other desmutagenic factors.
Intrinsic viscosity of the desmutagenic factor
Since the desmutagenic factor is a high molecular weight substance, it is only slightly soluble in neutral or acidic buffer solutions, but readily dissolved in an alkaline solution.
Therefore, we could not determine its molecular weight by gel filtration or by SDS-gel Table I . Effect of the Desmutagenic Factor on Various Mutagens Six milligrams of the desmutagenic factor obtained as described in Materials and Methods was dissolved in 1 ml of a 50mMpotassium phosphate buffer (pH 6.8).
..Using the solution, the desmutagenic effect of the desmutagenic factor on the various mutagens shownin the table was examined by the method described in a previous report. 5) For comparison, the supernatant obtained by centrifugation at 9,000 x g (at a concentration of 500fi\/ plate) as described in Materials and Methods was tested in the same way.
The * sign shows the promotion of mutagenicity. Instead, we investigated the intrinsic viscosity.
The results are shown in Table II . The relationship between the reduced viscosity (*7sp/c) an<* tne concentration (c) was determined by the least squares method, and the intrinsic viscosity of the desmutagenic factor was determined to be 37.0ml/g by extrapolation to zero concentration.
Elemental analysis of the desmutagenic factor
The elemental analysis of the desmutagenic factor wascarried out twice and the results are shown in Table III . It can be seen that this desmutagenic factor contained a small quantity of nitrogen. However, the relative pro- 
Ninhydrin color reaction of the desmutagenic factor
In order to confirm the presence of protein in the desmutagenic factor, we examined the ninhydrin color reaction by thin layer chromatography. After hydrolysing the desmutagenic factor with hydrogen chloride, the sample was lyophilized, applied to the thin layer chromatograph and ninhydrin was sprayed.
Nocomponentwas found to react with it to form a color on the silica gel thin layer plate.
This result suggests that the chemical structure of this desmutagenic factor is different from that of protein.
Potentiometrical titration of the desmutagenic factor Weattempted a quantitative analysis of the carboxyl group by potentiometrical titration on the basis of the results of 13C-NMRshown afterwards. In calculating the equivalence of the carboxyl group in terms of mol %per molecular weight of n-propyl benzene (G6-C3), it was assumed that the desmutagenic factor was a lignin substance. The equivalence of the carboxyl group of the desmutagenic factor was compared with that oflignin sulfonic acid (SE-HP or VN-MWS). The equivalence of the carboxyl group (mol %) of the desmutagenic factor was 0.45, while that of lignin sulfonic acid (YN-MWS) was 0.47 and that of lignin sulfonic acid (SE-HP) was 0.29. The equivalence of the carboxyl group of the desmutagenic factor was very similar to that of lignin sulfonic acid (YN-MWS), to which carboxyl groups had been chemically introduced. The lignin sulfonic acid (VN-MWS)more strongly inhibited the mutagenicity of 2-NO2-l,4-DAB when these carboxyl groups had been introduced. This suggests that the carboxyl groups may be of great significance in the activity.
Sugar content of the desmutagenic factor
The sugar content of the desmutagenic factor was determined by the phenol-sulfonic acid method.14) It was found that each 1 mg portion of the desmutagenic factor contained 95.7 fig of sugar. Hence, the total sugar content of the lyophilized powder was calculated to be 9 .55% by weight. Pyrolysate of the desmutagenic factor
The pyrolysates of the desmutagenic factor were analysed by gas chromatography and mass spectrometry (GC-MS) in order to elucidate the chemical structure of the factor. The results are shown in Fig. 3 . The presence was detected of much CO2gas, which might have been derived from the carboxyl groups of the desmutagenic factor, and of phenol, toluene, benzene, cresole and styrene, which each have an aromatic ring as the main component. Phenol was present in a large quantity. The pyrolysates of the desmutagenic factor were very different from those of poly- saccarides such as cellulose and pectin.12?13)
Reductive decomposition of the desmutagenic factor The reductive degradation substances of the desmutagenic factor by Raney Ni were analyzed by GC-MSas already described.
The gas chromatography pattern is shown in Fig. 4 , benzoic acid, phthalide and 3-phenylpropanol being detected as the main substances.
The cleavage pattern of their mass spectrum is shown in Fig. 5 , the results suggesting that the desmutagenic factor has aromatic rings in its basic skeleton.
UVabsorption spectrum of the desmutagenic factor The result of the UVabsorption spectrum are shown in Fig. 6 .
The desmutagenic factor has a spectrum with a peak at about 290nm and a shoulder at about 330nm in a neutral solution. In the case of an alkaline solution, the maximum value shifted to about 270nm and the shoulder to about 370 nm. The spectrum of lignin sulfonic The sample cuvette contained 50^g/ml of the desmutagenic factor in 0.1 n NaOH(A of the solid line), in 1 m potassium phosphate buffer, pH 7.0 (B of the broken line) and 25/*g/ml oflignin sulfonic acid in 0.1 n NaOH(C of the broken line), respectively.
shown). Furthermore, the GC-MSof its pyrolysates led to the determination of much CO2 gas, which may have been derived from the carboxyl groups. From these results, it is possible that the desmutagenic factor has carboxyl groups which play an important role in its desmutagenic activity.
On the other hand, the GC-MSresults of its pyrolysates and reductive degradation substances led to the determination of aromatic compounds (phenol, toluene, benzoic acid, phthalide, 3-phenylpropanol and so on). Thus, this desmutagenic factor has aromatic rings in its base structure. This result suggests that the desmutagenic factor might be a lignin-like compoundwhich contains about 10%sugar.
Wehave shown that the desmutagenic factors from Burdock and lignin sulfonic acid (VN-MWS) have a desmutagenic activity in the previous report5) and in this paper.
Murakami has investigated
antitumor substances in foodstuffs and reported that some polyphenols and lignins have an antitumor activity. 16) Particularly, the effectiveness of the antitumor activity of some lignin derivatives such as lignin sulfonic acid and vanilex (this lignin is identical to the lignin sulfonic acid (VN-MWS) used) have been shown to ascitic and solid sarcoma 180.17 '18) Although it has been thought that the nutritive value of various lignins and polyphenols in foodstuffs is low, these compounds may be paid closer attention due to their possible role in the prevention of cancer in humans.
